Internal cardiac assist devices are also known, but generally require the use of an anticoagulant to thin the blood, which leads to increased bleeding. Arterial bal loon pumps also require an anticoagulant. Therefore, a primary objective of the present inven tion is the provision of an improved external cardiac assist device.
Another objective of the present invention is the provision of a cardiac assist device which is useful for short term and long term applications.
A further objective of the present invention is the provision of a cardiac assist device which can be used during sudden decompensation of the heart, shortly after heart surgery to support low cardiac output, as a bridge to transplantation, and to permanently augment the heart. Still another objective of the present invention is the provision of a cardiac assist device which eliminates the need for an anticoagulant, which eliminates neurologi cal injury secondary to potential emboli, which elimi nates the need for multiple cannulation techniques, and which reduces bleeding complications.
Still another objective of the present invention is the provision of a cardiac assist device which prevents cardiac rhythmic problems or fibrillation.
A further objective of the present invention is the provision of a cardiac assist device which utilizes cham bers which can be adjustably inflated to provide vary ing degrees of cardiac assist and for various sized hearts.
An additional objective of the present invention is the provision of a cardiac assist device which can be fixed to the heart without the use of suction or sutures.
Another objective of the present invention is the provision of an external cardiac assist device which can be quickly and easily employed.
Another objective of the present invention is the provision of a cardiac assist device which is safe in use and medically acceptable.
These and other objectives will become apparent from the following description of the invention.
SUMMARY OF THE INVENTION
The external cardiac assist device of the present in vention employs a heart bag which is secured to the heart with adjustable straps. For short term use or emer 2 gency use, the bag can be positioned on the heart with a disconnectable handle.
The device includes a flexible, non-distensible shell.
A distensible inner membrane is secured along portions of the inner wall of the shell to define inflatable chan bers. When the device is positioned over the base of the heart, one chamber engages the left ventricle while two other chambers engage opposite sides of the right ven tricle. Each chamber is operatively connected to a fluid pump by fluid lines which allow fluid, either liquid or gas, to be rhythmically pumped into and out of the chambers to assist the systolic contractions of the heart. The device is operatively connected to an EKG ma chine which coordinates the pumping action in response to the QRS waves from the heart. The chambers are actively deflated shortly after inflation to allow the heart to fill and be ready for the next contraction. The cardiac assist device of the present invention is generally designated by the reference numeral 10 in the drawings, while the heart is designated by the reference numeral 12. The heart includes the left ventricle 14, the right ventricle 16, the left atrium 18 and right atrium 20. The aorta 22, the transverse sinus 24, the superior vena cava 26, and the inferior vena cave 28 are also shown in FIGS. 1 and 6.
As shown in FIGS. 3-5, the device, or heart bag, of the present invention includes an outer flexible, non-dis tensible shell 30 having opposite inner and outer walls, a first distensible membrane 31 and a second distensible inner lining or membrane 32 secured to the first mem brane 31 along portions thereof. Membrane 31 is se cured to shell 30 around the upper perimeter edge of the shell so as to define an inflatable space 33 which can be filled with a liquid or gas through a supply hose 35. Space 33 can be inflated such that membrane 32 com pletely engages the heart, thereby allowing device 10 to be used on various sized hearts. For example, on a large heart, space 33 is collapsed and on smaller hearts, space 33 is inflated accordingly.
A plurality of chambers or compartments are formed between membrane 31 and inner membrane 32 where the membranes 31, 32 are not sealed to one another.
More particularly, a first chamber 34 is formed on one In use, device 10 is positioned on a weak or diseased heart to facilitate the systolic contractions of the heart. If device 10 is to be utilized for a period other than The heart 12 is operatively connected to an EKG ma chine (not shown) which senses the QRS waves of the heart to activate the pump for supplying fluid to com partments 34, 36 and 38 in timing with the contractions of the heart. The liquid or gas which fills the chambers is also actively suctioned from the chambers by the pump between heart contractions. The extent of infla tion of the chambers can be controlled and adjusted so as to provide the necessary degree of assistance to the cardiac contractions.
From the foregoing, it can be seen that the present invention accomplishes at least all of the stated objec tives.
What is claimed is:
1. A cardiac assist device for use externally on the heart, comprising: a single flexible, nondistensible shell adapted to be positioned over the base of the heart, and having second and third inflatable compartments within the shell and adapted to engage the right ventricle on substantially opposite sides; means for positioning the shell on the heart; and means for rhythmically inflating and deflating the first, second and third compartments so as to assist the contraction of the heart. 2. The cardiac assist device of claim 1 further com prising a distensible membrane secured within the shell to define an inflatable space along the inner wall of the shell, and means for inflating the space.
3. The cardiac assist device of claim 1 wherein the means for positioning the shell includes a plurality of straps secured around the heart to prevent movement of the shell relative to the heart. 4. The cardiac assist device of claim 3 wherein the straps are adjustable.
5. The cardiac assist device of claim 1 wherein the means for positioning the shell includes a band adapted to be positioned around the aorta, and at least one strap extending from the band to the shell. shell has a substantially semi-spherical shape. 11. A method of securing a cardiac assist device to a heart, the device including a flexible, nondistensible shell having inner and outer walls, an open upper end, and a plurality of inflatable compartments within the shell, the method comprising:
positioning the shell over the base of the heart; securing a band substantially 360 around the aorta; and connecting a first strap to the band and to the shell to hold the shell in position on the heart. 12. The method of claim 11 the first strap extends behind the left atrium and between the heart and trans verse sinus.
13. The method of claim 12 further comprising con necting a second strap to the band and to the shell and extending the second strap in front of the right atrium.
14. The method of claim 11 further comprising con necting a circumferential strap to the upper end of the shell so as to extend around the base of the heart. 15. The method of claim 11 wherein the shell is held in position on the heart without the use of suction or Situtes. 16. A heart bag for assisting systolic contractions of the heart, comprising: a flexible, non-distensible shell shaped to fit around the base of the heart and having inner and outer walls;
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17. The heart bag of claim 16 wherein the shell in cludes an aperture therein for providing fluid communi cation to the inflatable space. 19. The heart bag of claim 16 wherein the plurality of straps includes a first strap adapted to extend around the aorta and a second strap adapted to extend around the base of the heart. 20. The heart bag of claim 16 wherein the plurality of chambers includes a first chamber for engaging the left ventricle and second and third chambers for engaging the right ventricle.
21. The heart bag of claim 16 wherein the shell in cludes an aperture extending therethrough to provide fluid communication from a fluid source to each cham ber. k r k s
